Introduction
Diabetic pregnancy presents a remarkable clinical challenge. On the one hand, if diabetic pregnancies are managed well, then their complication rates are similar to those in the non-diabetic pregnant population [8, 10] . On the other hand, if diabetic pregnancies are poorly controlled, then the incidence of major congenital abnormality [14] may reach as high as 22% and the perinatal mortality [10] may reach as high as 24% (sic). Evidence from KARLSSON'S group [10] suggests that perinatal mortality is minimized when the average blood glucose level in the third trimester is < 5.5 mmol/1. Self-monitoring of blood glucose at home spares the need for routine hospitalization for the control of diabetes in pregnancy, which in former years was commonly from 25 weeks to term. However, the policy of home management puts the responsibility of care firmly on the woman herself. The stress imposed on patients by the need for excellent diabetic control during pregnancy cannot be underestimated, and it is perhaps not surprising that their glucose measurements are not always reported reliably. Indeed, when LANGER and MAZZE [13] gave their pregnant diabetics blood glucose meters fitted clandestinely with a memory chip they found that 97% (sic) of such patients logged incorrect glucose values from time to time.
Until fairly recently, close monitoring of diabetic pregnancy has necessitated frequent attendance at the hospital clinic, or even admission to hospital. However, an alternative approach is to transmit the glucose measurements from the pregnant woman's home into the maternity unit by means of a telemetric link over the public telephone network. There are three obstetrical precedents for this, as fetal heart rate [2, 3] , uterine contractions [11] , and maternal blood pressure [4] have all been monitored telemetrically from home. Computer technology is also becoming used more widely by diabetologists [5, 6] . Because of this, and because of the large number of blood glucose measurements which need to be recorded and then subsequently analysed, the use of computers appears to be particularly appropriate in the home management of diabetic pregnancy [1] .
Here we present our results using the Ames MGlucometer, a portable blood glucose meter which is capable of timing and memorizing 440 measurements which can then be sent over the public telephone network for analysis.
Methods

The patients:
We studied 17 consecutive pregnancies in 16 insulin dependent diabetic women who were referred to the Diabetic Antenatal Clinic of the Rosie Maternity Hospital in Cambridge, and who delivered between August 1985 and April 1987; one woman completed two pregnancies during the study period. Our series includes only women who were managed under the joint care of KJD and OME, and it does not include those pregnant diabetics who were managed along more traditional lines in other Consultants' clinics in the Rosie. No gestational diabetics are included in the present study.
Diabetic management
Blood glucose measurement
All the women measured their own capillary blood glucose levels using a portable reflectance meter. They used the Ames Memory Glucometer model 5581 with Dextrostix test strips until January 1987, and changed to the Ames Glucometer-M model 5607 with Glucostix test strips thereafter. (Both models are hereafter abbreviated to AMG). All but one of these women were already measuring their own blood glucose levels before the index pregnancy, but we always rechecked their technique. The memory capability of the glucose meter was explained and women were shown how to use their meter to retrieve previous values for inspection, as well as the average of all recorded readings. Initially, they were all asked to measure their fasting, 2-hour post-prandial and bedtime blood glucose levels (ie. 5 measurements per day). However, if control was stable fewer measurements might be made; conversely if control was unstable, then more frequent measurements would be made.
We set a specific target for average blood glucose of 5.5 mmol/1 (see introduction). We also set a target range for their blood glucose levels of 3.5 to 7 mmol/1, which was widened to 3.5 to 10.0 mmol/1 if frequent hypoglycaemic episodes occurred. They were encouraged to make minor adjustments to their own insulin dosage (ie. ± 2 units/dose) to keep within this range on a day to day basis. We usually evaluated their blood glucose levels and insulin requirements every two weeks, unless control was unstable when they were reviewed on a weekly or even a daily basis. Haemoglobin Al levels were measured at four-to sixweekly intervals throughout the pregnancy using an ion exchange Chromatographie technique (from Boehringer). The normal non-pregnant range of HbAl for our laboratory is 5.5% to 8.5%.
Insulins
Before pregnancy, women had been treated with a variety of insulin regimes. If these regimes proved inadequate, despite making dose adjustments, the women were converted to a multiple injection regime, with ultralente or isophane insulin once at night, and pre-prandial soluble insulin. Their partners were instructed in the use of intramuscular glucagon in the event of severe hypoglycaemia.
Clinic visits
At all clinic visits, each AMG was connected to an IBM PC-XT or Tandon PCX microcomputer running under Glucofacts software (Ames Division, Miles Laboratories). This analysed the blood glucose results since the patient's last attendance, and displayed the analysis graphically (figures 1 and 2).
Admission to hospital
Our patients were not admitted into hospital as a routine at any particular stage of pregnancy, although brief admissions were occasionally required for various obstetrical or diabetic reasons. When in hospital patients continued to monitor blood glucose with their own AMG.
Telemetry
Glucose telemetry was performed successfully by six of the women, all of whom were using an AMG Model 5581. They were provided with a telephonic modem (Miracle Technology, WS 2000) which interfaced with their AMG, whose output data had first to be changed from TTL format to RS232 format. This system permitted their blood glucose results to be sent over the telephone network and into the computer in the Diabetic Antenatal Clinic. On receipt of such telephonic data, the obstetrician and diabetologist jointly reviewed the analysis, and then telephoned each patient to discuss any alterations in management.
Obstetrical Management
Gestational age was calculated from the last menstrual period, and confirmed ultrasonically by the measurement of biparietal diameter at 18 weeks gestation. From 24 weeks onwards, ultrasonic measurements of biparietal diameter and of abdominal circumference were repeated at monthly intervals to check that growth was satisfactory. All pregnancies were allowed to progress to term, unless there was an obstetrical or a diabetic reason for intervention earlier, or unless Caesarean section was planned (usually in the 38th week of gestation). Amniocentesis to assess fetal lung maturity was not performed on any of the patients.
During labour or at Caesarean section, all patients received an infusion of 5% dextrose solution (with 40 mmol KC1 added to each litre), and an infusion of soluble insulin, with dosage adjusted according to a sliding scale, based on hourly Dextrostix or Glucostix blood glucose readings. Labour and delivery were conducted according to standard obstetrical practice, and the fetal heart rate and uterine contractions were monitored throughout. After delivery, the infusions of 5% dextrose and of soluble insulin were discontinued as soon as patients were able to resume eating. Whilst the patient remained in hospital (usually for seven days after delivery), insulin requirements were reviewed carefully. On discharge patients were advised to continue adjusting their insulin dosages themselves whenever necessary, and they were reviewed back in the combined Clinic six weeks after delivery.
Results
Initial Assessment
The mean gestational age when first seen in the Clinic was 12.2 ± 5.5 (SD) weeks. Ten of the women were primigravid; the other 6 had previ-? ously had one pregnancy each, with two macrosomic babies and a Caesarean section rate of 33%. Their mean age was 27.8 + 3.6 years, and the mean duration of their diabetes was 11.1 ±6.8 years. Diabetic complications were present in four women, all of whom had background retinopathy; one also had cataracts» Pre-conceptional HbAl values were available for 13 out of 17 pregnancies: average HbAl -8.5% ± 1.3%. Control had been particularly good in eight of these women, who had HbAl's below 8.5%. (Our normal range = 5.5% to 8.5%.)
Diabetic control through pregnancy
During all 17 pregnancies, an average of 4.5 ± 1.2 blood glucose measurements were carried out each day. Nine women performed fewer than the recommended five measurements per day; this was deliberate policy for five women because control was optimal (average blood sugar < 5.5 mmol/1), but in four women compliance was not ideal. These poorly compliant women carried out an average of only 3.0 readings per day (range 2.5 to 3.4 readings per day for each women), and their average blood glucose level in the third trimester was 7.1 ± 0.7 mmol/1. In the more compliant women, on the other hand, the average third trimester blood glucose level was only 5.2 ± 0.6 mmol/1 (p < 0.01). Average capillary blood glucose levels in the group as a whole fell from 6.4 ± 0.9 mmol/1 in the first trimester, to 6.1 ±1.2 mmol/1 in the second trimester, and then to 5.6 + 1.0 mmol/1 in the third trimester (not significant). There was a corresponding change of HbAl from 8.0 + 1.5% in the first trimester, to 6.5 +-0.8% in the second trimester, and to 6.2 ± 0.4% in the third trimester (p < 0.002 for 1st to 2nd trimester; p < 0.001 for 1st to 3rd trimester). During the third trimester, an average blood glucose at or below the optimal 5.5 mmol/1 was achieved in 12 of the 17 pregnancies. Episodes of hypoglycaemia were relatively common, and all women had occasional mild to moderate reactions. Three women had severe hypoglycaemia reactions with reduced consciousness, and they required intramuscular glucagon or intravenous glucose. Six women were hospitalised on 14 occasions: on five of these it was simply to stabilise their diabetic control; four admissions were principally for obstetrical reasons (hypertension in two, urinary infection in one and possible premature rupture of membranes in another); and the remaining five admissions were for vomiting which needed careful monitoring to avoid hypoglycaemia. However, one particular patient had severe social problems which were partly responsible for four of her five admissions. During the pregnancy, insulin treatment was reviewed every one or two weeks and the dosage was increased from an average of 43 ± 13 units per day before pregnancy to 86 + 28 units per day at term.
Home telemetry of blood glucose levels
Successful telemetric transmissions of blood glucose data were made from the homes of six women whose telephones were fitted with a plug-in connection, on 42 occasions. All of these women were using the Model 5581 AMG. Three other women would have liked home telemetry, but their telephone connections were of the old-fashioned 'fixed' type and therefore unsuitable for our purposes. An attempt at telemetry was made from another woman's home, but this was unsuccessful because of the poor quality of the telephone line, which had frequent loud crackles; other telephone lines from this remote village had similar problems.
Eventual outcome
All women delivered healthy babies in good condition at 38.9 ±1.3 weeks gestation on average (range: 37-41 weeks). Induction of labour was carried out at the end of 9 of the 17 pregnancies, and Caesarean section was planned in three others (two for breech, and one because of a previous Caesarean section). The remaining five women went into labour spontaneously. Thus, of the 14 women in whom vaginal delivery was planned, this was achieved in all except one (93%). Forceps delivery was needed by six (46%) of the women who delivered vaginally: five for delay in the second stage of labour (two of whom needed rotational forceps), and one for fetal distress. One Caesarean section was performed for failed induction, the original indication for which had been spontaneous rupture of membranes at 38 weeks gestation without ensuing contractions.
There were no congenital birth defects, but two babies were macrosomic, one 4.35 Kg at 39 weeks, and the other 5.27 Kg at 37 weeks, both above the 95th centile [17] . The two mothers had average third trimester blood glucose levels of 5.2 and 4.4 mmol/1, and HbAl values of 6.5 and 6.4% respectively. In the babies, blood glucose levels were measured within the first hour after delivery, and thereafter four hourly for 36 hours, using Dextrostix strips. Only two babies had hypoglycaemic episodes, each on a single occasion. One infant had mild jaundice, and another had mild respiratory distress syndrome which required no treatment. In contrast, the two macrosomic infants had no problems at all in the neonatal period.
In the puerperium
At discharge from hospital the average insulin dosage was 32 + 11 units per day, and at the 6 week-natal clinic appointment it was 36 + 13 units per day.
Patient satisfaction
In 14 of our 17 pregnancies, the mother said that our computerized implementation of the AMG system increased her confidence, both in our management and also in her own control of diabetes during the pregnancy. None of the 16 women in our study objected in any way to the use of a computer in their diabetic management during pregnancy.
Discussion
It is now generally accepted that the closer metabolic control approaches euglycaemia, the better the outcome for a diabetic pregnancy. With our computerized system for managing diabetic pregnancy we achieved our third trimester target for average blood glucose values of < 5.5 mmol/1 in 12 out of 17 pregnancies. The overall outcome of pregnancy in our series was good, with no significant maternal or fetal complications. Our overall Caesarean section rate was only 23%, which compares favourably with a rate of 66% in HELLER et al's series [9] , although DRURY [7] did achieve a rate of only 20%. In our study, neonatal complications were uncommon and none was serious. The incidence of neonatal hypoglycaemia was 12%, which is similar to that in other series [9, 15] . Interestingly, we have been able to confirm the finding of KNIGHT et al [12] that fetal macrosomia is not necessarily associated with poor diabetic control in the mothers. Both of our mothers with macrosomic babies had good diabetic control in the third trimester, with near-normal average blood glucose levels, and HbAl values at the lower end of the normal range. Our numbers do not yet permit any conclusions to be drawn on the impact of our computerized management protocol on perinatal death rates or on congenital malformation rates. Indeed, any significant impact on the malformation rate would be unlikely, unless tight diabetic control had been introduced pre-conceptionally [8] .
The Ames Memory Glucometer system produces an accurate and complete record of timed readings of blood glucose carried out by the patient herself whilst going about her everyday life, while the analysis provided by the clinic-based microcomputer helps the clinician in his assessment of control and his diabetic management. The AMG system also has an educational role to play by providing a very clear demonstration of glycaemic trends, so that the influence on blood glucose of diet, mealtimes, exercise, insulin dose and the timing of insulin injections can all be discussed. Used in this way, our computerized implementation of the AMG system increased the patients' confidence in our management in 14 out of 17 pregnancies. The telemetry service which operated during the present study was in some ways a pilot scheme, though a routine service would undoubtedly lead to very substantial benefits both in terms of cost and of time. We have shown that telemetric relay of blood glucose data is practical and that 'telemetric clinics' can be integrated with conventional ones, with the full cooperation of the diabetic women themselves. When diabetic control is very tight, there is an inevitable risk of hypoglycaemia, and pregnancy is no exception to this. All of our patients experienced more frequent episodes of hypoglycaemia than when they were not pregnant, and three of the women had severe hypoglycaemic reactions which required intravenous glucose or intramuscular glucagon. We therefore consider it essential that the spouses of all pregnant diabetic women should be instructed in the use of glucagon, so that the blood glucose level can be restored promptly if needs be. However, although the experience of hypoglycaemia is certainly unpleasant, it is by no means uniformly accepted that its consequences are any more serious in pregnancy than at other times. For example, in a large series of 600 diabetic pregnancies, DRURY et al [7] found no association between maternal hypoglycaemia and intrauterine fetal death.
The success of the home-management approach depends on the pregnant women carrying out frequent blood glucose measurements on herself and our own results show that control was worse in those women who failed to follow our recommendations about the frequency of self-monitoring. Success also depends on the accuracy of these measurements and on the reliability with which they are reported. Certainly any inaccuracy due to poor technique with the reflectance meter should be looked for and corrected, though from Langer and Mazze's, and O'Connell et al's work [13, 16] it seems clear that unreliable reporting of blood glucose measurements poses a greater problem. A particular advantage of the AMG system is that reporting is reliable, and patients should not see it as a 'spy' so long as its positive advantages are stressed. It is our own practice to have the computer in the consulting room itself. This enables our patients to see the analysis for themselves and we encourage their comments, taking full advantage of the AMG's educational potential. Used in this way computers facilitate the intensive care of diabetic pregnancy, and home telemetry promises to make such intensive care more convenient and also more economical.
Abstract
In order to optimize the quality of our care, we have used the Ames Memory Glucometer in our computerized management of 17 insulin-dependent diabetic pregnancies. Patients measured their own blood glucose levels on 4.5 ±1.2 (SD) occasions per day, and six of them transmitted their blood glucose measurements telemetrically from home into a hospital-based computer on a total of 42 occasions. We achieved near-optimal blood glucose levels and normal HbAl levels throughout most of these 17 pregnancies. Average blood glucose levels were 6.4 ± 0.9 mmol/1 in the first, 5.9 ± 1.2 mmol/1 in the second, 5.4 ±1.0 mmol/1 in the third trimester.
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Corresponding values for HbAl were 8.0 ± 1.5%, 6.5 ± 0.8%, and 6.2 ± 0.4%. Average insulin requirement doubled during pregnancy, but fell to 74% of the prepregnancy dosage by one week after delivery. The average gestational age at delivery was 38.9 ±1.3 weeks, and we had no perinatal deaths. Two of the babies were macrosomic, even though their mothers had good diabetic control. Four patients were delivered by Caesarean section. However we achieved a vaginal delivery in 93% of those in whom it was planned. Our computerized system of managing diabetic pregnancies was efficient, safe, and popular with our patients. Un bon controle metabolique peut ameliorer le pronostic de la grossesse chez la diabetique, en le rendant virtuellement identique ä celui d'une grossesse normale.
Zusammenfassung Computergestütztes und telemetrisches Management der diabetischen Schwangerschaft in Cambridge Einleitung
Methode
Afin d'optimiser la qualite de nos soins, nous avons utilise le glucometre a memoire AMES, pour notre prise en charge informatisee de 17 grossesses chez des diabetiques insulino-dependantes. Nous avons vise une cible pour la glycemie de 3,5 a 7,0 mmol/1. Les patientes etaient vues en une consultation commune par le diabetologue et Fobstetricien chaque semaine ou toutes les 2 semaines lors des ajustements de Finsuline; 1'HbA! a ete mesure toutes les 4 semaines. On a utilise un Systeme telemetrique pour transmettre les donnees de la glycemie du domicile des patientes ä Fhopital en se servant du reseau telephonique public.
Resultats
En moyenne, nos patientes mesurent leur propre glycemie ä 4,5 ±1,2 (DS) reprises chaque jour. Six parmi ces patientes ont transmis les resultats de leur glycemie par telemetrie de leur domicile ä 42 reprises au total. En utilisant notre Systeme informatique de prise en charge du diabete, nous avons ete capables d'obtenir des taux de glycemie optimaux au cours du troisieme trimestre chez 12 patientes, et des taux normaux d'HbAi chez Pensemble de ces grossesses. Les taux moyens de glycemie etaient de 6,4 + 0,9 mmol/1 au premier trimestre, 5,9 +wp 1,2 mmol/1 au second trimestre, et 5,4 ±wp 1,0 mmol/1 au troisieme trimestre. Les valeurs correspondantes de THbAj etaient de 8,0 + 1,5%, 6,5 ± 0,8% et 6,2 + 0,4%, respectivement. Les femmes peu complaisantes, qui ont realise moins de cinq glycemies recommandees chaque jour, ont eu des valeurs significativement plus selevees que les patientes cooperantes (7,1 mmol/1 vs 5,2 mmol/1). Les doses moyennes d'insuline sont doublees pendant la grossesse, mais ont chute a 74% des doses d'avant la grossesse une semaine apres accouchement; six semaines apres 1'accouchement les doses d'insuline etaient encore seulement ä 84% des doses d'avant la grossesse. L'äge gestationnel moyen a la naissance a ete de 38,9 ±1,3 semaines, et il n'y a pas eu de morts perinatales. Deux des enfants etaient macrosomes, bien que leurs meres aient eu un bon controle de leur diabete. Quatre patientes ont eu une cesarienne, mais nous avons obtenu 93% d'accouchements par voie basse parmi les patientes chez lesquelles un accouchement par voie basse avait ete prevu.
Discussion
Le glucometre ä memoire AMES assure un enregistrement complet et approprie des glycemies programmees tandis que Panalyse fournie par le microordinateur aide le clinicien dans sa prise en charge du diabete. L'approche de la prise en charge a domicile depend de lectures appropriees de la glycemie, mais on sait que la communication personnelle n'est pas fiable en 1'absence d'enregistrements informatises. Un avantage supplementaire de ce Systeme est qu'il peut etre utilise pour 1'education des patientes, en faisant usage de l'affichage de graphiques lisibles des resultats de la glycemie. Utilise de la sorte, nous avons trouve que 14 des 17 femmes enceintes ont eu une conflance accrue dans leurs prises en charge. Uhypoglycemie est une consequence inevitable d'un controle strict du diabete, et nous conseillons que les epoux soient formes ä la technique de Finjection intra-musculaire de glucagon.
Conclusion
Le Systeme informatise de prise en charge des grossesses diabetiques qui est actuellement utilise ä Cambridge est efflcace sür et populaire aupres de nos patientes.
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